A nutritionally controlled study was conducted on two groups of 15 female college students aged 16 to 20 years, selected from Punjab Agricultural University, Ludhiana, Punjab, India. The girls were either anemic (hemoglobin 7.7 g/dl) but energy adequate (AEA), or anemic (hemoglobin 7.4 g/dl) and energy deficient (AED). The AEA group was given iron supplementation (60 mg iron/day) for 6 to 9 months along with 100 mg of ascorbic acid, and the AED group was given iron as well as energy supplementation for 3 months. There was a significant (p < .01) increase in weight, body mass index, mid-upperarm circumference, and body fat in the AED group after iron-energy supplementation. Hemoglobin, serum iron, transferrin saturation, total iron-binding capacity, and unsaturated iron-binding capacity were below normal in both groups; however, after iron and iron-energy supplementation, there was a significant (p < .01) increase, and these indices were in the normal range. There was a significant (p < .01) increase in exercise time and maximum work load tolerance after iron and iron-energy supplementation. Combined energy and iron deficiency had a greater adverse effect on physical work capacity than energy or iron deficiency alone.
Introduction
Despite economic growth and an increase in food production, the energy gap continues to be the major nutritional disorder in India due to the population explosion. Adults can adapt to some extent to an energy deficit by decreasing body mass and energy expenditure related to physical activity. Under such circumstances, body energy stores, basal metabolic rate, and physical activity are reduced. Lean body mass and fat content are reduced in energy-deficient individuals [1] . Satyanarayana reported that VO 2max , maximal aerobic power per kilogram, and submaximal aerobic power per kilogram were significantly lower in undernourished than in well-nourished individuals [2] . Undernourished individuals had a higher heart rate when given a submaximal workload, indicating that their cardiopulmonary function was below par [3] . Restricted energy intake leads to a reduction in energy expenditure, which may appear in the form of decreased metabolic rate and limited work capacity [4] . The most important factor causing variation in energy expenditure is the physical activity pattern. Assessment of habitual physical activity must, therefore, be done to study the relationship of energy status and physical work capacity [5] .
Anemia due to iron deficiency affects an estimated 2,170 million people worldwide, of whom 90% are in developing countries [6] . Iron-deficiency anemia is also a major nutritional problem for reproductive-aged women in India [7] . Iron deficiency appears to be due mainly to low dietary intake and poor absorption of iron from cereal-based vegetarian diets coupled with excessive body needs among women. Iron deficiency is potentially an important determinant of physical work capacity [8] , and it is more important when combined with energy deficiency [9] . The functional consequences of anemia are of particular concern in women, in view of the high prevalence of anemia in this group. Iron supplementation helps to conserve energy and increases work output through improvement in body iron status [10, 11] . The present study was designed to determine the effect of iron and energy deficiency and supplementation on physical work capacity.
Materials and methods

Selection of subjects
Thirty female college students, aged 16 to 20 years, who volunteered were selected for this controlled study from Punjab Agricultural University, Ludhiana, Punjab, India. Malkit [12] reported that young woman with hemoglobin levels of 10.4 g/dl had nonsignificant differences in physical work capacity when compared with nonanemic young women. Further, 37.5% of subjects from the rural College of Home Science Kaoni, Punjab Agricultural University, had hemoglobin levels below 9 g/dl. Therefore, the subjects with hemoglobin levels below 9 g/dl were selected for this study. The subjects were divided into two groups. The first group was anemic (hemoglobin 7.7g/dl) but energy adequate (AEA), whereas the second group was anemic (hemoglobin 7.4g/dl) and energy deficient (energy gap of 338 to 854 kcal/day)(AED). The subjects were otherwise normal and had not had any episode of disease in the past six months. Fecal samples of all the subjects were examined for intestinal infestations [13] , and those with infestations were treated.
Anthropometry
Height, weight, mid-upper-arm circumference, and skinfold thickness at four different sites (triceps, biceps, subscapular, and suprailiac) were measured according to the methods of Jelliffe [14] . Total body fat was calculated by the equation given by Durnin and Womersley [15] . Body mass index (BMI) was obtained by the equation given by Garrow [16] .
Dietary survey
A dietary survey was conducted by weighing cooked foods for three consecutive days. Duplicate samples were homogenized, dried, ground, and stored in decontaminated containers for later analysis for dietary energy, protein, and iron. The gross energy and protein content of the samples were determined by the method given by the Association of Official Analytical Chemists (AOAC) [17, 18] . The food samples were analyzed for iron using an atomic absorption spectrophotometer (GBC-902) after digestion with the diacid mixture of nitric acid and perchloric acid (4:1) according to the procedure of Piper [19] . Ascorbic acid was calculated by the MSU Nutriguide computer program [20] .
Total daily energy expenditure
Total daily energy expenditure (TDEE) was estimated using the MSU Nutriguide computer program [20] . The subjects recorded their 24-hour activities for the three days of dietary survey. These activities were then categorized into sleep and light, moderate, and heavy activity. The data on the age, height, and weight of the subjects were entered into the computer. Information regarding no episode of any serious disease was also recorded. From the number of hours of sleep and time spent on light, moderate, and heavy activities, the total energy expended was calculated for each subject.
Biochemical analysis
Hemoglobin levels were estimated by the cyanmethemoglobin method [21] . For iron, serum samples were digested [19] and the iron concentration was determined in the atomic absorption spectrophotometer. The method of Teitz [22] was used to measure the total iron-binding capacity (TIBC). Transferrin saturation (TS) was calculated from serum iron and TIBC [23] .
Treadmill test
To determine physical fitness, the candidates underwent a treadmill stress test, using Bruce or Modified Bruce protocols [24] under the supervision of a trained cardiologist; a Marque He Case 12 Computerized treadmill was used. The basal heart rate and blood pressure were recorded along with a baseline electrocardiogram while the subject was lying in a supine position. Heart rates were again recorded when the subject was standing and during hyperventilation. Then each subject walked on the treadmill and performed five stages of graded exercise. The electrocardiogram was monitored continuously throughout the exercise and the recovery period. The exercise continued until the subject was exhausted. The maximum blood pressure and heart rate attained during exercise were recorded. The heart rate was also recorded after a recovery period of 4 minutes. The different stages of treadmill test exercise were standardized in terms of time, speed, and grade and are given in table 1.
The workload was calculated by the computer in terms of metabolic equivalents (MET), which are the double product of heart rate and systolic blood pressure.
Iron supplementation
All subjects were given a supplement of Fefol capsules (one capsule per day) for 7 to 9 months to bring the hemoglobin level to the normal level of 12 g/dl and above [25] . Each capsule contained 150 mg of ferrous sulfate (60 mg of iron) and 0.5 mg of folic acid. Along with iron capsules, 100-mg ascorbic acid tablets were provided daily.
Energy supplementation
Based on the energy gap, an energy supplement in the form of pinnies was given to the energy-deficient subjects. Pinnies were prepared from whole wheat flour, semolina, whole soy flour, refined oil, sugar, whole milk powder, and crushed groundnut kernels in the ratio of 1.5:0.5:0.5:0.8:1.5:0.5:0.5 by weight. Each 60-g pinni provided 325 kcal. The subjects were supplemented with 1.5 to 3 pinnies according to their energy deficiency.
Statistical analysis
The paired t-test was used with repeated measures [26] to test the effects of different treatments on the same group. The levels of significance were set at 1% and 5%.
Results and discussion
Anthropometry
The anthropometric measurements of the anemic but energy adequate (AEA) group and the anemic and energy deficient (AED) group are given in table 2. There was no significant difference in the weight of the AED group before and after iron supplementation.
However, a significant difference (p < .01) was found in the same group after iron-energy supplementation. According to the Indian Council of Medical Research (ICMR), young women 16 to 20 years of age should weigh between 40.8 and 43.2 kg [27] . The values observed in this study were higher than the ICMR values. Riumallo et al. [28] reported a significant increase in body weight after 60 days of energy supplementation. There was a significant (p < .05) increase in the triceps skinfold thickness, but the increase in mid-upper-arm circumference and calculated body fat of the subjects was highly significant (p < .01) after iron-energy supplementation, which indicated a gain in body weight in the AED group. The AEA subjects were robust in health. The majority of their anthropometric measurements were superior before as well as after iron supplementation, as compared with the AED subjects in all three stages.
The mean BMI of subjects in the AED group was 17.95 kg/m 2 before iron supplementation, 17.88 kg/m 2 after iron supplementation, and 19.54 kg/m 2 after iron-energy supplementation. A significant (p < .01) improvement in BMI was found after iron-energy supplementation. The normal range for BMI is 18 to 21 kg/m 2 [29] . The BMI for the AEA group was in the normal range before and after iron supplementation, but in the AED group it was in the normal range only after iron-energy supplementation. After energy supplementation, the mean values of BMI were more than 18.0 kg/m 2 , indicating the normal energy status of the AED group.
Nutrient intake
The average daily intakes of energy, protein, and iron are shown in table 3. The average daily energy intake of the AEA group was 1,966 kcal before and 1,989 kcal after iron supplementation. The corresponding values Iron and energy supplementation for the AED group were 1,334 and 1,351 kcal, but after iron-energy supplementation, their energy intake was 1,932 kcal, which was significantly (p < .01) higher.
The energy intake of the AEA group before and after iron supplementation and that of the AED group after iron-energy supplementation was close to the recommended daily allowance (RDA) of 1,966 kcal for the AEA group and 1,851 kcal for the AED group, as recommended by the ICMR [7] , whereas the energy intake of the AED group before and after iron supplementation was much below the RDA. A number of studies of college women reported that their energy intake was deficient, ranging from 1,673 to 1,906 kcal/day [12, [30] [31] [32] . The AEA group had a daily protein intake of 49.0 g before and 52.6 g after iron supplementation. The AED group had a daily protein intake of 43.0 g before iron supplementation, 45.7 g after iron supplementation, and 50.1 g after iron-energy supplementation. Compared with the RDA of 1 g of protein per kilogram of body weight [7] , the intake of the subjects was slightly lower in both groups before as well as after iron supplementation. Malkit [12] and Bains [32] reported daily protein intakes of 45.0 and 48.6 g by young college women, respectively, which was close to the results of this study. The AEA group had an average daily dietary iron intake of 12.1 mg before and 15.7 mg after iron supplementation, whereas the intakes for the AED group were 8.9 mg before iron supplementation, 9.1 g after iron supplementation, and 14.5 mg after iron-energy supplementation. A significant (p < .01) increase was found in dietary iron intake after iron-energy supplementation. However, the mean daily dietary iron intake of subjects at every stage was inadequate as compared with the RDA of 30 mg/day [7] . Bains [32] reported that young college women had daily iron intakes of 13.2 and 15.8 mg in summer and winter, respectively, values close to those obtained in the present study. The subjects in both groups were supplemented with Fefol capsules. Thus, the daily intakes of iron were 76 mg in the AEA group after iron supplementation, 69 mg in the AED group after iron supplementation, and 75 mg in the AED group after iron-energy supplementation; all these values are greater than the RDAs.
The daily intake of ascorbic acid in the AEA group was 33 mg before and 32 mg after iron supplementation. The corresponding values for the AED group were 27 and 31 mg, and after iron-energy supplementation the value was 33 mg/day. In addition, each subject received a 100-mg ascorbic acid tablet along with the Fefol capsules.
Basal metabolic rate and total daily energy expenditure
No significant difference was observed in the basal metabolic rate (BMR) of the AEA group after iron supplementation, but there was a significant (p < .01) increase in BMR in the AED group after iron-energy supplementation due to a significant increase in body weight. The total daily energy expenditure of the AEA group was 1,926 kcal before and 1,932 kcal after iron supplementation. The AED subjects had daily energy expenditures of 1,831 kcal before iron supplementation, 1,880 kcal after iron supplementation, and 1,885 kcal after iron-energy supplementation. There was no significant increase in energy expenditure after iron-energy supplementation (table 4) .
Energy balance
The daily energy balance of the AEA group was 40 kcal before and 57 kcal after iron supplementation. The AED group had a daily energy balance of -498 kcal before iron supplementation, -457 kcal after iron supplementation, and 48 kcal after iron-energy supplementation. There was a significant (p < .01) difference in the daily energy balance after iron-energy supplementation (table 4) .
Blood iron indices
The values for hemoglobin, serum iron, total ironbinding capacity (TIBC), and transferrin saturation (TS) of AEA and AED subjects are given in table 5. Hemoglobin, serum iron, and TS increased significantly (p < .01) after iron supplementation, whereas TIBC showed a significant (p < .01) decline after the supplementation. It took 6 to 9 months to bring the hemoglobin level of anemic subjects to 12 g/dl.
Treadmill test
Exercise time and maximum work load on the treadmill increased significantly (p < .01) after iron supplementation and after iron-energy supplementation in both groups (table 6), indicating improved physical fitness after iron supplementation and still better physical fitness after iron-energy supplementation. Edgerton et al. [35] and Gopaldas and Seshadri [36] reported an improvement in physical fitness with an increase in hemoglobin level. Rowland et al. [37] also reported that the treadmill endurance time improved significantly with iron supplementation. The minimal level for maximal work load to estimate physical fitness is 11 MET. The AEA group before and after iron supplementation, and the AED group after iron-energy supplementation, had an exercise capacity above the minimal level of fitness, i.e., 11 MET. However, before supplementation, the treadmill exercise capacity of the AED group was below the fitness level, which means that with both energy and iron deficiency the fitness level was unsatisfactory, but after supplementation there was a satisfactory improvement in fitness in both groups. There was no significant change in initial systolic blood pressure of either group after iron and iron-energy supplementation. Similarly, there was no significant difference in postexercise systolic blood pressure before and after supplementation. However, the subjects were able to exercise for a longer time after iron supplementation. [25] ; serum iron, 63-202 µg/100 ml [33] ; TIBC, 250-416 µg/100 ml [34] ; unsaturated iron-binding capacity, 0-500 µg/100 ml [22] ; and TS, 16% -37% [23] . **p < .01.
Iron and energy supplementation
In the AEA group, there was no significant decrease in the heart rate after iron supplementation when the subjects were in the supine position, during exercise stages 2 and 3, and during peak exercise on the treadmill. However, a significant (p < .05) decrease was observed in heart rate after iron supplementation during exercise stage 1. Similarly, in the AED group, a nonsignificant decrease in maximum heart rate was observed during the supine position, during exercise stages 2 and 3, and during peak exercise on the treadmill after iron and iron-energy supplementation. However, the subjects were able to exercise for a longer time without any significant difference in heart rate, indicating an improvement in physical fitness after iron and iron-energy supplementation ( fig. 1 ). In the AEA group, the ECG during the supine position, standing, and exercise was normal in 13 subjects before iron supplementation, but after iron supplementation, the number of subjects with a normal electrocardiogram increased to 14. Similarly, in the AED group, the number of subjects with a normal electrocardiogram increased after iron supplementation. Anemia is one of the causes for the ST change in the electrocardiogram (table 7) .
Severe iron and energy deficiency affected physical work capacity, and supplementation with iron or energy or with both improved physical work capacity in terms of exercise time, blood pressure, and heart rate. Combined energy and iron deficiencies had a worse effect on physical work capacity than energy or iron deficiency alone. 
